The search for subunits of the telomerase enzyme has uncovered orthologs of the budding yeast Est1 protein in several species, including humans. Thus, positive regulation of telomerase by Est1 appears to be a widely utilized mechanism for maintaining telomere length homeostasis.
initially identified by sequence similarity, followed by biochemical investigation that established association with the telomerase enzyme. Furthermore, in both S. pombe and C. albicans, loss of Est1 function was found to confer a severe telomere maintenance defect, although -as predicted from earlier results in budding yeast -enzyme activity could still be recovered from extracts prepared from these est1 strains [6,7].
Somewhat surprisingly, there are as many as three Est1-like proteins in human cells, although only two -hEST1A and hEST1B -have so far been shown to be enzyme-associated [8, 9] . Overexpression of hEST1A has been used to establish a role for this protein in telomere length regulation: a substantial reduction in telomere length occurred when hEST1A levels were increased, but this effect could be reversed by co-expression of the catalytic subunit of telomerase [9] . Lingner and colleagues [8] observed an additional striking consequence of hEST1A overexpression: telomeres become uncapped, resulting in chromosome fusions and resulting inviability. This capping defect might simply be a secondary consequence of titration of another factor from the telomere. The more intriguing possibility, however, is that at least one of the human Est1 proteins will directly contribute to chromosome end protection, in addition to a role in length regulation -a proposal that is also supported by a subset of unexpected phenotypes displayed by the fission yeast est1 strain [6] .
In fact, work on budding yeast had already suggested that the Est1 telomerase subunit makes multiple contributions to telomere function [10] . A primary activity proposed for Est1 is to recruit telomerase to the single-stranded chromosome terminus, by acting as an adaptor between the catalytic core of the enzyme and the chromosome-bound Cdc13 protein. Missense mutations that reduce the interaction between Est1 and Cdc13 result in severe telomere shortening and eventual cell death [11] , but these proposed recruitment defects can be bypassed if telomerase is delivered to the telomere through an alternative route [12, 13] .
As predicted by this model, the association of telomerase with telomeres during late S phase, at the time when telomerase normally acts, is reduced by a recruitment-defective cdc13 mutation [14] . Unexpectedly, the catalytic core of telomerase is also present at telomeric chromatin during other periods of the cell cycle [14, 15] , when telomerase does not normally elongate chromosome termini. This suggests that telomerase catalytic core may be sequestered to subtelomeric heterochromatin until late S phase, when it is recruited to single-stranded telomeric termini by Est1 and Cdc13 to initiate elongation. Sequestration of telomerase may provide an additional level of regulatory control, possibly by providing a barrier against inappropriate action of telomerase at double-strand DNA breaks [15] .
A telomerase recruitment mechanism may also operate in human cells. Impaired telomere replication, as a result of mutations in a domain of the catalytic core of human telomerase, can be alleviated by fusion to a telomere-bound protein [16] , using an approach very reminiscent to that used to assess recruitmentdefective Est1 and Cdc13 yeast proteins [12, 13] . Furthermore, a stretch of sequence similarity between homologous Est1 proteins (Figure 1) , centered around the region of Est1 that mediates interaction with Cdc13 [11] , provides additional tantalizing support for a conserved mechanism. The amino acid conservation in this region suggests that the fission yeast Est1 and hEST1B proteins will similarly interact with a telomerebinding protein to promote access of the enzyme to telomeres. An obvious candidate is the recently identified Pot1 protein, present in both human and fission yeast cells, which binds single-stranded telomeric DNA and shares structural features with Cdc13 [17, 18] .
The purified S. cerevisiae Est1 protein displays an additional biochemical property, which is its ability to bind single-stranded G-rich telomeric DNA, through an interaction that depends on a free 3′ ′ terminus [19] . Notably, the hEST1A protein displays a weak affinity in vitro for single-stranded telomeric DNA [9] , and sequence identity between the Est1 homologs can be observed in the region where DNA binding has been mapped (Figure 1 ). Binding to telomeric DNA has been proposed to occur after the enzyme has been recruited to telomeres. In this model, Est1 first recruits telomerase to the ends of chromosomes, and subsequently promotes accessibility of the enzyme active site to its substrate (the 3′ ′ terminus), thereby enhancing telomere extension [10, 12] .
The identification of Est1 homologs argues that not only the catalytic core of telomerase, but the holoenzyme as well, will be widely conserved -a proposal which also implies that human Est3 subunit(s) are yet to be discovered. These new studies have also raised intriguing new questions. For example, are the various activities of the budding yeast Est1 protein distributed among the multiple human Est1 proteins, or is there another regulatory implication -yet to be discovered -of multiple human Est1 telomerase subunits? And does Est1 directly contribute to chromosome end protection, as well as telomere length regulation? These questions illustrate how much is still to be learned about how the telomerase enzyme -and hence telomere replication -is regulated. 79  68  93  91  59  666  75 .. (29 a.a.) .. .. (28 a.a.) .. .. (29 a.a.) .. .. (21 a.a.) .. .. (31 a.a.) .. .. (13 a.a.) .. .. (26 a.a.) ..
E V S H R P T R A -Y Y F W E D V H F R D F S L I K Y Q F K D F R D D G I F E A N D I D V L V G D Y A G D R L S F Y Y R F S S W L F H Q T L A C -A K E V E S V R A P T S Y L T S C L P S I K V I L A R V L E S S P A F G --------F I E R N E L E Q L S -Y H F R I C E K F F K E S S E
N K M L N L F E D Y N E F G L C K S F I C L F K R L N E D I D I K R L L V N F M Y L Q S L L Q -P K S S S V D S E L T S L C Q S V L E D F N L C L F Y L P
S S P N L S L --------A S E D E E E Y E S G -Y A F L P D L L I F Q M V I I C L M C V H S L E R A G S K Q Y S A A I A F T L A L F S H L
.. (141 a.a.) .. .. (141 a.a.) .. .. (150 a.a.) .. .. (146 a.a.) .. .. ( 92 a.a.) .. .. ( 91 a.a.) 
